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Molecular Analysis of Malassezia Microflora
in Seborrheic Dermatitis Patients: Comparison
with Other Diseases and Healthy Subjects
Mami Tajima1,2, Takashi Sugita2, Akemi Nishikawa3 and Ryoji Tsuboi1
Malassezia species colonize the skin of normal and various pathological conditions including pityriasis
versicolor (PV), seborrhoeic dermatitis (SD) and atopic dermatitis (AD). To elucidate the pathogenic role of
Malassezia species in SD, Malassezia microflora of 31 Japanese SD patients was analyzed using a PCR-based,
culture-independent method. Nested PCR assay using the primers in the rRNA gene indicated that the major
Malassezia species in SD were M. globosa and M. restricta, found in 93 and 74% of the patients, respectively. The
detection rate and number of each species varied similarly in SD, PV and healthy subjects (HSs), whereas AD
showed higher values. Real-time PCR assay showed that the lesional skin harbored approximately three times
the population of genus Malassezia found in nonlesional skin (Po0.05), and that M. restricta is a significantly
more common species than M. globosa in SD (Po0.005). Genotypic analysis of the rRNA gene showed that the
M. globosa and M. restricta from SD patients fell into specific clusters, and could be distinguished from those
collected from HSs, but not from those colleted from AD patients. Our results indicate that certain strains of
M. restricta occur in the lesional skin of SD patients.
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INTRODUCTION
Seborrhoeic dermatitis (SD) is a common inflammatory skin
disease associated with seborrhoea, occurring most often on
the areas of the body rich in sebaceous glands, such as the
face, scalp, and upper trunk. The disorder is present in 1 to
3% of the general population, more prevalent in men than in
women, and frequently observed in patients with AIDS and
Parkinson’s disease (Binder and Jonelis, 1983; Ashbee and
Evans, 2002; Gupta and Bluhm, 2004a).
Among the many exogenous and endogenous factors
involved in the development of SD, the lipophilic Malassezia
yeasts have recently provided a large body of data, indicating
that they play a major etiological role in SD (Gupta et al.,
2004b). The clinical efficacy of antimycotics and the
reduction in the number of Malassezia organisms after
treatment strongly support the hypothesis (Gupta et al.,
2004c). However, the pathogenic role of Malassezia species
in the inflammation of SD has not been completely under-
stood. LipophilicMalassezia yeasts produce lipase (Ran et al.,
1993), which splits triglycerides into fatty acids, which may
induce inflammation of the skin (Kikuchi et al., 1989; Ro and
Dawson, 2005). Activated lymphocytes have been observed
in the lesional skin of SD patients (Faergemann et al., 2001).
In 1996, the taxonomy of the genus Malassezia was
revised on the basis of a molecular phylogenetic analysis
(Gue´ho et al., 1996), and four new species, M. globosa, M.
obtusa, M. restricta, and M. slooffiae were added to the
previous list of three species, M. furfur, M. pachydermatis,
and M. sympodialis. Subsequently, we reported three new
species: M. yamatoensis from an SD patient, M. dermatis
from an atopic dermatitis (AD) patient, and M. japonica from
a healthy subject (HS) (Sugita et al., 2003a, b, 2004a).
Currently nine species are known to colonize human skin,
and two species, M. pachydermatis and M. nana (Hirai et al.,
2004) colonize animal skin.
However, the relationship between the pathogenesis of
each species and the Malassezia- related skin diseases such
as pityriasis versicolor (PV), SD, and AD, has not been
investigated at all. As the first step towards elucidating the
role ofMalassezia in the development of SD, we attempted to
determine the cutaneousMalassezia microflora accurately by
using molecular biological means. Although some previous
reports have detected Malassezia microflora in SD patients
using conventional culture methods, the detection rate of
each species was low, and the microflora varied across the
studies (Nakabayashi et al., 2000; Gupta et al., 2001;
Sandstrom Falk et al., 2005). By applying a transparent
dressing to the lesional skin of SD patients, we collected
fungal DNA directly, and analyzed Malassezia microflora
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using nested and real-time PCR. The present study is
providing early evidence that M. restricta is the dominant
Malassezia species in SD patients.
RESULTS
DNA extraction and amplification
Our method of extracting fungal DNA consisted of applying
OpSites transparent adhesive film to the skin, extracting
fungal DNA by incubating the samples harvested on the
adhesive film in lysing solution for 15minutes at 1001C, and
precipitating DNA in the presence of Ethachinmates (Sugita
et al., 2001). In order to compare the efficacy of our method
of extracting fungal DNA with others, we experimented with
various preparations (Table 1).
The values shown in Table 1 indicate plasmid copy
numbers in a real-time PCR assay using Malassezia universal
primers (Sugita et al., 2006). As shown in Table 1(a), the
harvest from the three HSs decreased approximately one-
tenth in the absence of Ethachinmates, suggesting the utility
of the precipitation stimulator. Table 1(b) indicates the result
of different DNA extraction methods using the adhesive film
divided into equal segments. In comparison with harvesting
by mechanical destruction (2), boiling at 1001C for 15min-
utes (1) is a more efficient method of extracting DNA from the
adhesive film. Of the procedures examined, mechanical
destruction in the presence of liquid nitrogen and boiling
yielded the highest harvests (3, 4). Next, we considered the
frequency of tape stripping required to yield the required
quantity of DNA. As shown in Table 1(c), tape stripping three
times yielded sufficient quantities of fungal DNA. In all
subsequent extraction procedures, clinical samples were
obtained by tape stripping three times.
In order to deny the variation in DNA content and
extraction efficiency in nine Malassezia species, the follow-
ing experiment was carried out using cultured organisms.
To avoid lipid contamination, small numbers of the organ-
isms were carefully obtained from pure cultures on modified
Leeming and Notman agar washed once in phosphate-
buffered saline; then, serial dilutions of 101–105 cells/ml were
prepared in the phosphate-buffered saline . DNA extraction
was performed according to the method outlined above.
Table 2 shows the number of plasmid copies generated in
real-time PCR assay using Malassezia universal primers
increasing as a factor of cell concentration. Each species
showed a proportional increase in copy number dependent
on cell number, and no significant variation was observed
among the nine species, with the coefficient of variation in all
Malassezia species at less than 10% (graph plotted from the
data is not shown due to its complete identity). The detection
limit of our nested PCR assay was 1 fg using purified
Malassezia DNA. In an experiment using Malassezia cells in
culture, the detection limit was 10 cells. As for the real-time
PCR assay, the detection limit was between copy numbers 10
and 100. The detection limit of cell numbers on the OpSite
adhesive film was not determined due to technical difficulty.
Cutaneous Malassezia microflora
We analyzed the cutaneous Malassezia microflora from 31
SD patients (31 lesional and 27 nonlesional samples), using a
PCR-based, nonculture dependent method. In lesional skin,
M. globosa andM. restricta were detected in 93.5 and 61.3%
of the SD patients, respectively (Table 3). M. dermatis,
M. slooffiae, and M. sympodialis were detected in approxi-
mately 20–30% of the cases, whereas the remaining four
species were present in fewer than 10% of the subjects. In
nonlesional skin as well, both M. globosa and M. restricta
were the principal cutaneous microflorae at 70.4 and 55.6%,
respectively. The remaining species were found at lower
rates. The Malassezia microflora of the lesional and non-
lesional skin of SD patients did not differ qualitatively,
although the detection rate in lesional skin was greater than
in nonlesional skin.
In order to compare the data on the cutaneous Malassezia
microflora of SD patients with those of AD patients and HSs,
samples collected from the skin of the face and neck were
analyzed by nested PCR (Table 3). The data on Malassezia
microflora in PV patients were cited from a published report
(Morishita et al., 2006). Generally, the detection rate of each
species in ADwas higher than in SD, PV, or HSs. However, there
was no significant species variation in SD, AD, and PV, in which
the predominant species were M. globosa and M. restricta.
The average number of species detected from one skin
area of each skin condition is shown in Figure 1. The lesional
Table 1. DNA extraction in various preparations
(plasmid copy numbers)
Treatment HS 1 HS 2 HS 3
(a)
LS+boiling+Ethachinmate 48,712 95,710 67,851
LS+boiling 3,781 2,500 9,279
(b)
(1) LS+boiling+Ethachinmate 39,780 5,7608 68,062
(2) LN+mechanical
(30 seconds)+LS+Ethachinmate
1,250 687 897
(3) LN+mechanical
(30 seconds)+LS+boiling+Ethachinmate
47,892 70,679 71,245
(4) LN+mechanical
(1minute)+LS+boiling+Ethachinmate
50,674 68,520 79,792
(5) LN+LS+boiling+Ethachinmate 52,971 65,034 80,791
(C) Tape stripping
Once1 12,780 9,820 32,571
Twice 30,748 15,701 60,782
Three times 37,851 20,781 68,710
Four times 36,002 22,784 70,824
Five times 38,492 24,871 62,758
HS, healthy subject; LN, liquid nitrogen; LS, lysing solution.
All samples of HS 1, 2, and 3 were obtained from the same region on each
person by tape stripping.
1DNA extraction is same as (1).
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skin (2.871.6 species) was found to harbor more diverse
microflora than nonlesional skin in SD (1.971.2). Overall,
3.171.7 species were found to be colonizing the skin surface
of SD patients. The number of species detected in the lesional
skin of SD patients was close to the number detected in PV
patients (2.871.2) and HSs (2.870.8), but lower than in AD
patients (4.171.9).
Quantitative analysis of Malassezia microflora of SD patients
using a real-time PCR assay
We quantified the DNA of all of the Malassezia species
encountered, in particular M. globosa and M. restricta, in
both the lesional and non-lesional skin of SD patients
(Figure 2). The lesional skin harbored approximately three
times the population of genus Malassezia found in non-
lesional skin (Po0.05). Of all of theMalassezia species found
to be colonizing the skin of the subjects, M. restricta was by
far predominant in both lesional and nonlesional skin,
accounting for 72.3715.0% of the entire Malassezia
population in lesional skin and 63.6716.4% in nonlesional
skin, whereas M. globosa comprised 5.177.9 and 6.57
6.3%, respectively, underscoring the fact that M. restricta is
a significantly more common species than M. globosa in
SD (Po0.005).
Genotypic analysis of the two principal species, M. globosa and
M. restricta
Previously, we examined the diversity of the intergenic
spacer (IGS) sequences in M. globosa colonizing the skin of
Table 2. Plasmid copy numbers
M. globosa M. restricta M. sympodialis M. furfur M. slooffiae M. yamatoensis M. obtusa M. dermatis M. japonica
Cell numbers 10
10 2 160 150 163 174 152 186 204 147 162
10 3 2,200 1,982 1,802 1,605 1,975 1,674 1,920 1,764 1,832
10 4 15,345 14,985 16,741 18,740 16,292 16,013 15,721 18,331 18,704
10 5 1,79,871 2,01,752 1,93,547 1,97,451 1,82,465 1,74,562 1,67,485 1,80,024 1,76,395
Table 3. Detection of Malassezia DNA in patients with SD, AD, and PV, and in HSs
Detection rate of Malassezia DNA (%)
Subject
Number of
patients M. globosa
M.
restricta
M.
slooffiae
M.
dermatis
M.
sympodialis
M.
japonica
M.
yamatoensis
M.
obtusa
M.
furfur
Seborrhoeic dermatitis 31 93.5% (29)1 74.2% (23) 38.7% (12) 38.7% (12) 35.5% (11) 12.9% (4) 9.7% (3) 9.7% (3) 6.5% (2)
Lesional skin 31 93.5% (29) 61.3% (19) 32.3%(10) 35.5% (11) 25.8% (8) 12.9% (4) 9.7% (3) 9.7% (3) 6.5% (2)
Nonlesional skin 27 70.4% (19) 55.6% (15) 22.2% (6) 18.5% (5) 14.8% (4) 3.7% (1) 3.7% (1) 0% (0) 0% (0)
Atopic dermatitis
(lesional skin)
36 100% (36) 97.2% (35) 30.6% (11) 30.6% (11) 58.3% (21) 33.3% (12) 13.9% (5) 27.8% (10) 33.3% (12)
Pityriasis versicolor
(lesional skin)2
49 93.9% (46) 93.9% (46) 8.2% (4) 24.5% (12) 34.7% (17) 6.1% (3) 4.1% (2) 4.1% (2) 10% (5)
Healthy subject 30 86.7% (26) 83.3% (25) 16.7% (5) 30% (9) 36.7% (11) 10% (3) 6.7% (2) 10% (3) 26.7% (8)
1Number of patients.
2Reported by Morishita et al. (2006).
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Figure 1. The number of Malassezia species detected by nested PCR.
The number of Malassezia species detected, on the basis of nested PCR
data for nine Malassezia species, using skin scrapings from SD, AD, and
PV patients, and HSs. SD, seborrhoeic dermatitis. Error bars show SD.
SD, n¼31; AD, n¼36; PV , n¼49; and HSs, n¼ 30.
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AD patients and HSs, and indicated that M. globosa fell into
four major groups (Sugita et al., 2003c). In the present study,
using the same method, a phylogenetic tree was constructed
based on the IGS sequences derived from SD and AD
patients, and HSs. As shown in Figure 3a, the IGS sequences
of M. globosa were divided into eight clusters, with each
cluster corresponding to different sources. For example,
cluster VII corresponded to the sequences derived from HSs
only, and clusters I and VIII corresponded to those from both
SD patients and HSs. The remaining five clusters were
specific to the sequences derived from SD patients. These
results indicate that M globosa with certain IGS sequences
preferentially colonizes the skin either of SD patients or HSs.
The sequences from AD patients were distributed together
with those from SD patients, and therefore could not
be distinguished from one another. The IGS sequences of
M. restricta were divided into two major clusters (Figure 3b).
The sequences derived from HSs were distributed in cluster I
only, whereas the sequences from SD patients were
distributed in both clusters I and II. The sequences from AD
patients were not separated from those from SD patients.
DISCUSSION
By means of a PCR-based culture-independent method, we
reported thatM. globosa andM. restricta were highly detected
in the lesional skin of facial SD patients, at a rate of 93.5 and
61.3%, respectively, whereas the remaining seven species
occurred at lower frequencies. Furthermore, quantitative
analysis of Malassezia microflora using a real-time PCR assay
provided early evidence that M. restricta was the far more
predominant species in the lesional skin of SD patients.
The quantitative data on Malassezia microflora of SD
patients were collected using the correlated techniques of
even sample quantities, efficient DNA extraction methods,
and sensitive and quantitative DNA amplification. This
method applies equally to the detection of other types of
organism-derived DNA in tissue samples. Adhesive film was
chosen for its ability to collect organisms colonizing the skin
uniformly and in effective quantities (Table 1) (Sugita et al.,
2001) than swabbing (Gemmer et al., 2002) or collecting skin
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Figure 2. The number of rDNA copies of Malassezia organisms in SD
patients was quantified by real-time PCR. Genus Malassezia and its two
major species, M. globosa and M. restricta, were quantified using a real-time
PCR assay with TaqMan probe. The DNA samples used in Figure 1 were
provided for this study. Error bars show SD. Thirty-one samples from SD
patients were examined.
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Figure 3. Phylogenetic tree of Malassezia globosa and M. restricta, based on DNA sequences of the IGS 1 region was constructed using data from
SD patient samples. (a) M. globosa, (b) M. restricta. SD, seborrhoeic dermatitis; AD, atopic dermatitis; and HS, healthy subject.
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scales (Gaitanis et al., 2002). Many attempts have been made
to extract DNA efficiently from lipophylic yeasts in culture
(Gupta et al., 2000; Gaitanis et al., 2002). Instead of standard
mechanical destruction, we chose incubation at 1001C, due
to its relative ease and efficacy as opposed to the difficulty of
fragmenting the adhesive film (Table 1b). To quantify fungal
DNA by one-step real-time PCR assay, an adequate harvest of
DNA is critical. The use of a precipitation stimulator (Table 1a)
such as acrylamide polymer (Ethachinmates) (Sugita et al.,
2001) and glycogen (Gemmer et al., 2002) is another key
factor in increasing the DNA harvest from the incubation tube.
Besides two studies using a comparatively small number of
cases and thus limited data derived from the molecular
biological determination method (Gaitanis et al., 2002,
2006), three previous studies have investigated Malassezia
microflora of SD patients using conventional culture and
determination methods. The detection rate and species
diversity of Malassezia microflora obtained from multiple
body sites were as follows: M. globosa (21%), M. furfur
(21%), and M. sympodialis (6%) from 42 Japanese patients
(Nakabayashi et al., 2000);M. globosa (45%),M. sympodialis
(37.5%), M. slooffiae (10%), and M. furfur (7.5%) from 28
Canadian patients (Gupta et al., 2001); M. sympodialis
(43%), M. obtusa (43%), M. globosa (36%), M. slooffiae
(14%), and M. furfur (7%) from 16 Swedish patients
(Sandstrom Falk et al., 2005). M. restricta was not isolated
from any of the patients in the studies. These data indicate
that the detection rate in the conventional culture method,
even though the samples were collected from multiple body
sites, is significantly lower compared with our culture-
independent direct method involving collection from one
facial area. The discrepancy is probably attributable to
sampling method and inadequate cell population, or the
compromised ability of the organism to grow in each
specified medium. The discrepancies in the diversity of
Japanese SD Malassezia microflora detected by our direct
method versus the culture method (Nakabayashi et al., 2000),
suggests that the culture media used were possibly not
conducive to the cell growth of M. restricta (Gemmer et al.,
2002). Direct fungal DNA collection from the lesional sites
and sensitive DNA amplification by nested PCR resulted in
higher detection rates for M. restricta.
The higher detection rate of Malassezia species, including
M. restricta, by the culture-independent direct method was
observed not only in SD patients but also in PV patients
(Morishita et al., 2006), dandruff patients (Gemmer et al.,
2002), AD patients (Sugita et al., 2001), and HSs (Sugita et al.,
2001). Culture-independent direct DNA sampling and
quantitative PCR suggested that PV is a M. globosa-
dominated disease (Morishita et al., 2006), and that AD is
an M. globosa- and M. restricta-dominated disease (Sugita
et al., 2006). Geographical and racial factors were also
suspected as playing a part in the results yielded by
conventional culture systems (Sandstrom Falk et al., 2005).
In order to clarify these issues, it is necessary to compare
cutaneous Malassezia microflora of pathological and HSs of
different ethnic backgrounds, and/or from different countries
using a culture-independent quantitative method.
Genotypic analysis of the IGS sequences in M. globosa
(Figure 3a) indicated that organisms from SD patients and HSs
were divisible into eight clusters, with each cluster corres-
ponding to different sources. Similarly, M. restricta from SD
patients and HSs were divided into two clusters (Figure 3b),
and those from SD patients were separated from those from
HSs. These results indicate that M globosa and M. restricta
with a certain genotype preferentially colonize the skin of SD
patients, indicating the pathogenic properties of specific
strains. In genotypic analysis of the IGS sequences in
Malassezia microflora of AD patients and HSs, similar
phenomena were observed, in which M. globosa organisms
fell into four major groups (Sugita et al., 2003c), whereas
M. restricta fell into two major groups (Sugita et al., 2004b).
In the present study, however, genotypic analysis of the IGS
sequences could not separate SD patient-derived M. globosa
and M. restricta from AD patient-derived strains, nor did the
qualitative analysis of Malassezia microflora of SD and AD
patients (Table 3) show a significant difference, in terms of
species variation, where the predominant species in question
were M. globosa and M. restricta. These results imply that
major changes occurring in AD skin in connection with
Malassezia are due to immunoglobulin E-mediated and cell-
mediated responses by the host to the specific antigens of
Malassezia, and not due to proliferation of the specific
species (Aspres and Anderson, 2004).
Recently, Gaitanis et al. (2006) reported that M. globosa
isolated from PV patients were divided into five groups by
single strand conformational polymorphism analysis of the
PCR products in the internal transcribed spacer 1 region. In
their study, one genotype of M. globosa appeared to be
associated with extensive clinical disease. In the present
study, however, we could not find any correlation between a
specific genotype in the IGS region of M. globosa and
M. restricta, and the clinical manifestation and severity of SD.
In this study, we demonstrated that SD is a M. restricta-
dominated disease. However, it is not clear whether M.
restricta is actually pathogenic or not in SD. Quantitative
analysis of Malassezia microflora before and after treatment
of SD by antimycotics, and the occurrence of clinical
manifestations of SD through the application of specific
strains of M. restricta will give us further data to help
determine whether or not certain strains of M. restricta are
involved in the development of SD.
MATERIALS AND METHODS
Subjects and sample collection
Thirty-one Japanese SD outpatients (25 males and six females, 20–79
years old; mean age 48. 2718.6 years) at Tokyo Medical University
Hospital were enrolled in this study. Thirty-six Japanese patients with
AD (24 males and 12 females, 20–64 years old; mean age
33.3710.5 years) and 30 Japanese HSs (12 males and 18 females,
20–53 years old; mean age 22.877.1 years) were also analyzed for
comparison. Samples for the detection of Malassezia spp. were
collected by applying 5 7-cm OpSites transparent adhesive
dressings (Smith and Nephew Medical, Hull, UK) three times to
both lesional and nonlesional skin on the face of SD patients.
Samples were also collected from the lesional skin on the face or
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neck of AD patients and HSs. The protocol was approved by the
Institutional Review Board, Tokyo Medical University. Written
informed consent was obtained from each subject before the
procedure. The investigations were conducted according to the
Declaration of Helsinki Principles.
Malassezia DNA extraction from the lesions
Malassezia DNA was extracted according to the previously reported
method (Sugita et al., 2001). Briefly, the OpSites transparent
adhesive film was trimmed at the center (9 cm2), placed in a
1.5ml Eppendorf tube with 1ml of lysing solution (100mM Tris–HCl
(pH 8.0), 30mM EDTA (pH 8.0), and 0.5% SDS) and incubated for
15minutes at 1001C. In the preliminary experiments, collected film
was equally divided, and one piece of the film was mechanically
disrupted by Electric Crush Machines (TK-AM4, Tokken Inc., Chiba,
Japan) in the presence of liquid nitrogen. The suspension was
transferred to another new tube, combined with phenol–chloroform
–isoamyl alcohol (25:24:1, vol/vol/vol), and centrifuged at
12,000 r.p.m. The aqueous phase was transferred to another tube,
combined with chloroform–isoamyl alcohol (24:1, vol/vol), and
centrifuged at 12,000 r.p.m. The DNA was precipitated with 2.5
volume of ethanol, in the presence of 3M sodium acetate and
Ethachinmates (Nippon Gene, Toyama, Japan) according to the
manufacturer’s instructions. The DNA pellet was resuspended in
30 ml of TE (10mM Tris–HCl (pH 8.0), 1mM EDTA (pH 8.0)) and
stored at 201C until use.
Detection of Malassezia DNA by nested PCR and real-time PCR
Nested PCR was conducted using the two sets of primers reported
previously (Sugita et al., 2001; Morishita et al., 2006). Species-specific
primers were designed in the internal transcribed spacer 1 and IGS 1
regions of the rRNA gene. M. nana and M. pachydermatis were
excluded from the present study as they do not colonize human hosts.
Two major species of the genus Malassezia, M. globosa and M.
restricta, were quantified using a real-time PCR assay with TaqMan
probe, according to the method of Sugita et al. (2006). Amplification
and detection were performed using the ABI PRISM 7500 sequence
detection system (Applied Biosystems, Foster City, CA).
Genotypic analysis of M. globosa and M. restricta from the
patient samples
Since the nucleotide sequence of the IGS 1 region, which is located
between the 26S and 5S rRNA genes, shows remarkable diversity,
the IGS 1 regions of M. globosa and M. restricta were sequenced
according to the method of Sugita et al. (2003a, 2004a). The
sequences of the IGS 1 region were aligned using ClustalW
(Thompson et al., 1994). For the neighbor-joining analysis (Saitou
and Nei, 1987), the distances between sequences were calculated
using Kimura’s two-parameter model (Kimura, 1980).
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